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Single-Molecule Recreation of the Cadherin/Catenin/Actin Complex
Craig D. Buckley, Jiongyi Tan, Beth L. Pruitt, William I. Weis,
W. James Nelson, Alexander R. Dunn.
Stanford University, Stanford, CA, USA.
Adherens junctions (AJs) comprise protein complexes essential for integrating
cell-cell adhesion and actin cytoskeleton functions, and their importance has
been shown in many loss-of-function studies. Disruption of acto-myosin tension
in living cells impairs formation of AJs, but attempts to reconstitute in bulk
assays a direct linkage between a minimal AJ complex (E-cadherin/b-catenin/
a-catenin) and actin filaments in vitro have been unsuccessful. Here we present
a new optical trap-based single-molecule assay that tests whether this linkage
requires tension (Fig. 1A). using a reconstituted E-cadherin/b-catenin/a-catenin
complex (~100 nM), an actin filament held between 2 optical traps, and moving
the complex along the actin filament by oscillating the microscope stage, we
observe binding events that likely involve
multiple complexes and displacements of
over 100 nm with loading rates of ~45 pN/s
that can sustain over 15 pN of force. The step-
wise release mechanism may reflect sequential
detachment of individual E-cadherin/catenin
complexes (Fig. 1B). These data indicate that
several E-cadherin/catenin complexes can
form a robust, load-resistant connection to an
actin filament under tension. In ongoing
work, we are studying how mechanical load
may regulate the affinity between the E-cad-
herin/catenin complexes and actin filaments.
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Intercellular Adhesion, Cytoskeletal Organization and Signaling in a
Substrate-Free Cell Monolayer
Q.I. Wei, Hayden Huang.
Columbia University, New York, NY, USA.
Connections between cell-cell junctions and cytoskeleton profoundly influence
cell shape, motility and gene expression. However, cell-cell interactions are
easily masked by cell-substrate interactions thus remains poorly characterized.
A cell monolayer can be considered the simplest multicellular tissue structure,
yet they fulfill critical roles in human physiology and tissue engineering. A sys-
tematic characterization of intercellular adhesion, cytoskeletal organization and
signaling in a substrate-free cell monolayer is crucial for unlocking the poten-
tial for cell-sheet tissue engineering. To test our hypothesis that intercellular
junctions and cytoskeleton components likely play significant roles in estab-
lishing cell sheet cohesion, we have developed a unique partial-lifting tech-
nique that allows generation and investigation of the biological and
mechanical properties of substrate-freehuman keratinocytecell monolayer.
Results demonstrated that through alterations of spatial organization and expres-
sion of their cytoskeleton and specialized intercellular adhesions, substrate-free
cells create amonolayer tissue that has amuch strongermechanical strength than
their substrate-adhering controls. To determine the contribution of intercellular
junctions and cytoskeleton to cell sheetmechanics,we altered the junctional pro-
tein plakoglobin by siRNA interference, altered actin-myosin interactions by
ROCK kinase inhibitor and actin disruption agent. Knockdown of plakoglobin
significantly diminished its participation in intercellular junctions and resulted
in weakened cell sheet strength. Similarly, actin disruption and actin-myosin
contraction inhibition also diminished cell sheet strength. Next, we demon-
strated that external mechanical stimuli further boosted the sheet’s mechanical
strength via increased junctional localizations and elevated expression levels,
suggesting possible involvement of plakoglobin-related Wnt/b-catenin signal-
ing and actin-related RhoA/ROCK signaling.
Given the near-ubiquity of plakoglobin and actin in multicellular organisms,
these findings could have significant implications for understanding the funda-
mental mechanisms that regulating cell adhesion and biomechanics, and im-
proving the mechanical properties of tissue engineering constructs.
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and Universite´ Paris-Diderot, Paris, France.Epithelial cells transmit mechanical forces through E-cadherin-mediated inter-
cellular contacts, and these dynamic complexes undergo force-dependent re-
modeling. At present, however, fundamental aspects of how cells detect and
generate mechanical forces at intercellular junctions remain poorly understood.
Here, we describe a FRET-based molecular force sensor that reports the forces
exerted via single E-cadherin complexes in living cells. We have created
single-molecule tension sensors (SMTS) that replace the fluorescent proteins
in a previously reported FRET-based force probe (Grashoff et al., Nature
2010) with organic fluorophores that can be observed at the single-molecule
level. SMTS attach to glass coverslips, and present domains from protein A
to immobilize the antibody Fc domain of a fusion protein containing the E-cad-
herin extracellular domain (Ecad-Fc). Madin-Darby Canine Kidney (MDCK)
epithelial cells adhere to surfaces functionalized with SMTS and Ecad-Fc,
but not to surfaces exposed to either SMTS or Ecad-Fc alone, showing that
cell attachment occurs through the Ecad-Fc/SMTS complex. Ensemble FRET
measurements reveal that the force per individual E-cadherin complex is ap-
proximately 2 pN, an order of magnitude lower than previously reported
AFM measurements of E-cadherin homophilic bond rupture forces (Zhang et
al., ProcNatlAcadSci USA 2009). This difference may indicate that the maxi-
mal load supported by individual E-cadherins is considerably greater than
what is generated at equilibrium. Consistent with this interpretation, the forces
we measure agree with the single-pN tensions inferred from ensemble FRET
measurements using a genetically-encoded E-cadherin force sensor (Borghi
et al., ProcNatlAcadSciUSA 2012). The ability of the SMTS described here
to selectively recruit fusion proteins and antibodies via their Fc domains makes
them a flexible and potentially powerful tool for studying cellular
mechanotransduction.
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Real-Time Quantitative Measurement of Myosin and Strain Dependent
Recruitment of E-Cad in Spot Adherens Junctions
Wilfried Engl1, Bakya Arasi1, Jean-Paul Thiery2, Virgile Viasnoff1,3.
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The response of adherens junction to mechanical stress is a key process in cell-
cell contact reorganization that remains poorly understood partly owing to the
lack of appropriate measurement techniques. In this paper, we present an inno-
vative micro-well based approach to image at high resolution the horizontal ad-
herens junction of a suspended vertical cell doublet during contact elongation
and under mechanical constrain. We find that the E-cadherins cluster in submi-
cron sized puncta at the edge the actin depleted contact area. They form an
almost periodic ring-like structure that displays spatially organized fluctuations
of E-cad recruitment levels. We demonstrate by real time imaging that these
fluctuations correlate with the local contact deformations induced by local
myosin contractility gradients. Finally we establish a unified relationship
between the local strain and the changes in E-cad recruitment levels induced
by global contractility changes, local gradi-
ents and external mechanical stimuli. We
hence provide the first quantitative real
time measurement of the response of an
adherens junction to mechanical strain.
We propose the existence of an adaptive
pathway with a fast and strong response
for weak mechanical stimuli.
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Dimensionality and Calcium Dynamics in Pancreatic b-Cell Clusters
Thomas H. Hraha1, Abigail B. Bernard2, Kristi S. Anseth2,
Richard KP Benninger1.
1University of Colorado Denver | Anschutz Medical Campus, Aurora,
CO, USA, 2University of Colorado Boulder, Boulder, CO, USA.
The pancreatic islet is a multicellular organ which provides the sole source of
insulin for regulating blood glucose levels. Thus, a functional understanding of
the islet is of critical importance to effectively treat diabetes. Beta cells within
native islets produce large bursts of insulin to meet physiological needs by
mounting a coordinated electrophysiological response. However, when
removed from their native three dimensional (3D) environment, they lose
much of their coordination and responsiveness. This observation draws paral-
lels with the hindered diabetic response and emphasizes the importance of
understanding the electrical dynamics that underlie the coordinated pulsatile
secretion of insulin.
In this work, we use quantitative microscopy to measure intra-cellular free cal-
cium activity ([Ca2þ]i) and coordination of b-cells in 1D, 2D and 3D clusters.
using a novel method of aggregating b-cells back into 3D systems, we can
provide a better model for understanding the effects of dimensionality and
FIGURE: Three cryosections of a
spheroid grown for 2 days without
stress, with a stress of 1 kPa or with
a stress of 5 kPa. Dividing cells are
stained incyan (Antibody against
Ki67).
492a Tuesday, February 5, 2013coupling on ([Ca2þ]i) dynamics. We have found that by re-aggregating b-cells,
they return to a native-like oscillatory behavior, which is lost in 2D cultures. In
addition, the overall coordination of 2D clusters was found to decrease with
cluster size, showing distinct sub-regions of coordination, while the 3D cultures
were better coordinated at comparable sizes and cell numbers.
Using a percolation-based theory for modeling cell coordination, we show
how higher dimensions of coupling lead to better overall synchrony with
larger regions of coordination. This model also predicts the distances over
which coupled cells can communicate. This has broader implications in that
a loss of cell coupling and a reduction in coordination and responsiveness
are often seen in islets from models of type2 diabetes. Also, the application
of our mathematical model to predict cellular phenomena yields new insight
in understanding the coordinated behavior of electrophysiological signaling
in general.
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Cardiac Myocytes Expressing Disease-Causing Mutant Plakoglobin
Exhibit Alterations in Mechanotransduction
Venkatesh Hariharan, Benjamin R. Childs, Hayden Huang.
Columbia University, New York, NY, USA.
Introduction: Mechanotransduction is the process by which cells couple their
external and internal environments by transducing mechanical stimuli into
a biochemical response. While this process is responsible for regulating cell
fate through gene expression (i.e. - c-myc, c-fos, etc.), it remains incompletely
characterized in cardiac myocytes. Our previous work demonstrated that pri-
mary neonatal rat ventricular myocytes (NRVM) respond to mechanical shear
stress via junctional remodeling of plakoglobin (JUP) and N-cadherin (NC).
Here, we study myocyte mechanotransduction by investigating ERK phosphor-
ylation, c-myc & c-fos gene regulation; we also investigate the effects of inhib-
iting primary cilia in NRVM, one potential mechanism for transduction of
mechanical stimuli.
Methods: NRVM were transfected with adenoviruses to express either of two
different mutations in JUP (2057del2 & S39_K40insS) which cause arrhythmo-
genic right ventricular cardiomyopathy (ARVC). Primary cilia were inhibited
by transfecting NRVM with siRNA against intraflagellar transport protein 88
(IFT88). NRVM were sheared under oscillatory flow in a parallel-plate shear
chamber at physiologically-relevant shear stresses (forces in the plane of the
cell layer that mimic those in contracting myocardium; 0.06 Pascal). Samples
were subsequently stained and imaged on an Olympus IX-81 confocal micro-
scope using quantitative confocal microscopy. Immunoblotting was performed
on NRVM lysates separated by PAGE.
Conclusions: We demonstrate that ERK phosphorylation, and c-myc & c-fos
regulation are unaffected by mutant JUP expression. Our previous results
indicate that cardiac myocytes are responsive to shear stimuli, and undergo
junctional remodeling of both NC and JUP under oscillatory shear, a phenom-
enon absent in cells expressing ARVC-causing mutant JUP. Interestingly,
knockdown of IFT88 does not have a dramatic effect on junctional remodeling;
these results suggest that the role of primary cilia in cardiomyocyte shear sens-
ing is varied and does not affect all shear-dependent pathways.
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Mechanosensitivity and Motility of Cellular Aggregates
Francoise Pascaline Brochard-Wyart.
Institut curie, Paris, France.
We describe the biomechanics of multicellular aggregates, a model system for
tissues and tumors. We first characterize the tissue mechanical properties
(surface tension, elasticity, viscosity) by a new pipette aspiration technique.
The aggregate exhibits a viscoelastic response but, unlike an inert fluid, we
observe aggregate reinforcement with pressure, which for a narrow range of
pressures results in pulsed contractions or ‘‘shivering’’. We interpret this rein-
forcement as a mechanosensitive active response of the acto-myosin cortex.
Such an active behavior has previously been found to cause tissue pulsation
during dorsal closure of Drosophila embryo.
We then describe aggregate spreading on decorated glass substrates. We find
a universal spreading law at short time, analogous to that of a viscoelastic
drop. At long time, we observe a precursor film spreading around the aggregate.
Depending on aggregate cohesion, this precursor film can be a dense cellular
monolayer (‘‘liquid state’’) or consist of individual cells escaping from the
aggregate body (‘‘gas state’’). The transition from ‘‘liquid’’ to ‘‘gas state’’
appears also to be present in the progression of a tumor from noninvasive to
metastatic, known as the epithelial-mesenchymal transition.
Finally, we describe the effect of the substrate rigidity on the spreading of
aggregates. We observe that aggregates spreading on rigid gels , do not spread
on soft gels: we can induce a wetting transition from complete to partial wetting
by decreasing the elastic modulus of the substrate. Moreover, near this transi-tion, we observe a spontaneous motion of the aggregates, where all cells have
a cooperative motion forming a giant keratocytes.
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Mechanical Pressure Arrests the Growth of Tumor Spheroids
Giovanni Cappello1, Fabien Montel1,
Morgan Delarue1, Jacques Prost1,2,
Jean-Franc¸ois Joanny1, Jens Elgeti1,
Danijela Vignjevic1.
1Institute Curie, Paris Cedex 05, France,
2ESPCI, Paris, France.
Often tumors have to push their surround-
ings in order to grow. Thus, during their
development, tumors must be able to both
exert and sustain mechanical stresses. We
study quantitatively the effect of an applied
mechanical stress on the long-term growth
of a spherical cell aggregate. Our results
indicate the possibility to modulate tumor
growth depending on the applied pressure.
Moreover, we observe that a stress between
500 and 5000 Pa drastically reduces growth
by inhibition of cell proliferation mainly
in the core of the spheroid, while it sligthly
affect the division at the perifery.2515-Pos Board B534
Gap-Junction Suppression of Electrical Activity in Normal and Diabetic
Pancreatic Islets
Linda M. Nguyen, Marina Pozzoli, Richard K.P. Benninger.
University of Colorado, Aurora, CO, USA.
The pancreatic islets of Langerhans are multicellular microorgans which play
a central role in maintaining blood glucose homeostasis, through secretion of
hormone insulin. Interactions between cells within the islet are critical to
enhance and coordinate the b-cell insulin secretion response to glucose. Gap
junction channels coordinate membrane potential between b-cells in the islet.
This serves to coordinate oscillations in free-calcium activity ([Ca2þ]i) and
insulin secretion, but also to suppress spontaneous [Ca2þ]i elevations under
basal glucose.
Here we quantify the gap junction suppression of b-cell excitability and de-
scribe this with a percolation model of cell-cell coupling. We utilize islets
from wild-type mice and 2 transgenic mouse models in which mutations to
the KATP channel either increase or decrease excitability in a population of
b-cells in the islet. In each set of islets, we quantify the variation of [Ca2þ]i
and insulin secretion with gap junction coupling, at low glucose and high glu-
cose. In all cases reduced gap junction coupling resulted in elevated [Ca2þ]i;
with the variation of [Ca2þ]i with gap junction conductance showing a similar
non-linear relationship which can be described using the percolation model.
This variation could also describes insulin release and glucose homeostasis:
large elevations in [Ca2þ]i predict significant reductions in blood glucose
levels. Importantly, in mice expressing KATP channel mutations that reduce
insulin secretion and cause severe hyperglycemia and diabetes, a reduction in
gap junction coupling elevates insulin release and prevents diabetes.
Thus the relationship governing gap junction coupling and the suppression of
spontaneous elevations in [Ca2þ]i is dependent on the distribution of excitabil-
ity across b-cells of the islet and the level of coupling between b-cells, and this
governs the overall islet response. Utilizing this may be a promising therapeutic
treatment for specific monogenic forms of diabetes.
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Is the Gain of Hemichannel Activity a Common Feature Shared by Cx26
Syndromic Deafness Mutants?
Isaac E. Garcı´a1, Mauricio A. Retamal2, Oscar Jara1, Carlos Gonza´lez1,
Agustı´n D. Martı´nez1.
1Centro Interdisciplinario de Neurociencias de Valparaı´so, Universidad de
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Gap junctions and hemichannels (HCs) are major pathways for intercellular
signaling. Both are made of homologous proteins named connexins. Mutations
in the gene encoding Cx26 account for a large proportion of genetic deafness.
These can lead to non-syndromic and syndromic deafness. The syndromic
phenotype also includes awful skin disease. Gain of hemichannel activity has
been proposed as the pathogenic mechanism behind this syndrome. Here,
to test this hypothesis we used HeLa cells transiently expressing the Cx26
non-syndromic (G12V) and the syndromic (G12R, N14Y and S17F), all located
